INTRODUCTION
The Internal Discharge Monitor, IDM, was designed to observe electrical pulses from common electrical insulators in space service.
The sixteen insulator samples include G10 circuit boards, FR4 and PTFE fiberglass circuit boards, wires with common insulations, FEP teflon, and alumina. The samples are fully enclosed, mutually isolated, and space radiation penetrates 0.02 cm of aluminum before striking the samples.
Pulsing began on the seventh orbit, the maximum pulse rate occurred on the seventeenth orbit when 13 pulses occurred, and the pulses slowly diminished to about one per 3 orbits six months later.
After 8 months, the radiation belts abruptly increased and the pulse rates attained a new high. These pulse rates are in agreement with laboratory experience on shorter time scales.
Several of the samples have never pulsed. If the pulses were not confined within IDM, the physical processes could spread to become a full spacecraft anomaly.
The IDM results indicate the rate at which small insulator pulses occur.
Small pulses are the seeds of larger satellite electrical anomalies. The pulse rates are compared with space radiation intensities, L shell location, and spectral distribu'ions from the radiation spectrometers on CRRES.
The purpose and background of the Internal Discharge Monitor (IDM) is documented in reference 1. Nearly twenty years ago it was determined that satellites were suffering from electrical discharge noise and EMP problems caused by the high energy electron space radiation belts. A number of conference sessions, symposia, and journal issues have been dedicated to the topic (Air force, NASA, IEEE, AIAA, ESA).
Most of the previous work concentrated on the voltages of surfaces on the satellites.
It became clear that the estimated surface voltages were not sufficient to cause the large number of events seen on satellites.
Space radiations acting directly on insulating materials should be able to produce electric pulses, independent of the potential of the spacecraft. The radiation intensity in space is so low that the pulse rates could not be predicted with any certainty. The IDM is nearly a cubic foot in size, weighs 33 pounds, and uses 6.7 watts continuously. It was designed to last a minimum of two years in its environment.
The CRRES orbit is roughly geosynchronous transfer with an apogee of 33,500
km, a perigee of 348 kin, a period of 9 hours 52 minutes, and an equatorial inclination of 18.2
degrees.
Thus the IDM is exposed to the inner belt for a short time, and to the outer electron belt for a long time. High energy electrons (> 150 keV) will be the dominant cause of IDM pulses.
SAMPLES
The samples were chosen after an extensive testing program as described in reference 1. Table I The feed-through [1] to the external detectors is composed of semi-insulating material which does not pulse.
It is not shown in order to simplify the drawing. The maximum pulse voltage measured on a 50 ohm line (sometimes 25 ohms) is reported in Table I circuits were found to produce 20 to 40 volt peak pulses several nanoseconds wide [2] . Channel 14 contains a similar sample of MEP board, but it is covered with "leaky paint" [2] . Samples with leaky paint were seen to pulse only rarely and with pulses less than 1 volt in ground tests [2] .
The leaky paint is an electrically grounded surface coating of semi-insulator with a surface resistivity of the order 10 m ohms per square. This level of conductivity prevents surface charging but will not electrically short or load the adjacent circuits.
Signal generators (square pulse) were used to produce known pulsed voltage levels at the sample electrodes and thereby determine the thresholds for pulse detection in each channel.
In space on the IDM samples, the pulses are expected to vary in width from less than 1 ns to as much as 20 ns [1] .
The pulse detector thresholds vary depending on pulse width and sensitivity setting. Broadly speaking, the thresholds vary from a tenth of a volt to ten volts on the 50 ohm detectors.
Much larger pulses would result from the same phenomena occurring on larger samples or on samples with applied voltage on the electrodes [3, 4] . The pulses monitored on these samples are assumed to reflect the phenomena of satellite anomalies produced by discharges on wiring, solar array insulators, antenna insulators, circuit boards, feed-thru insulators, and other electrical component insulation.
The size (total energy) of pulses scales linearly with the area of the dielectric which is charged by the radiation [3] . Since the size of IDM samples is small relative to most spacecraft applications, the IDM instrument was set to be sensitive to small pulsed voltages.
CORRELATION OF PULSES WITH SPACE RADIATION
The radiation detectors on CRRES provide a good measurement of the radiation spectra which impinge on the IDM. The spectra of electrons incident on the samples should be calculated by transporting the incident CRRES spectra through the 0.20 mm aluminum cover sheet.
Pulse rates would then be correlated with the spectra which directly impact the samples.
Since the cover sheet stops all electrons below 150 keV, and passes unimpeded the isotropic electron flux above 1 MeV, the effect of the cover sheet can be ignored for electrons above I MeV. The effect on electrons from 150 keV to 1 MeV has not yet been determined.
The data presented here is for electrons without correction for the cover plate.
Pulsing first began on one sample on the seventh orbit. The second sample began pulsing on the ninth orbit. The third sample began pulsing on the eleventh orbit. It takes time to get the samples charged up to a near pulsing level. This may be compared to the time history of the pulsing rate to form one of many correlations which are available.
The time history of the electron flux from 150 keV to 1.25 MeV has not yet been fully determined so it is not presented.
However, the intensity of the electrons in this energy interval usually rises and falls at the same times as does the intensity of the electrons above 1.25 MeV. Figure 3 shows the time history of pulses from tile IDM.
As time goes on, the pulse rates from some samples are increasing while others are decreasing.
Comparison of figures 2 and 3 provides an important finding which is in agreement
with the accumulation of many laboratory experiments [5] , but which may contradict an individual experiment.
As an overall average, the pulse rate is crudely proportional to the flux of high energy electrons.
However, some samples may pulse profilsely at the beginning and pulse sparsely after extended radiation time. Other samples may pulse only after extended irradiation or after extended exposure to vacuum. Two small samples cut from a larger piece may show very different pulsing statistics.
It is tempting to deduce a floor for the electron flux which is required to cause pulsing. Figures 2 and 3 would lead one to think that this can be done. We
do not yet do this for two good physical reasons. We are now working on this part of the CRRES data base. It requires that we transport the electrons throt,gh the 0.2 mm aluminum cover sheet.
2. The high energy electron fluxes which pass through the samples cause the samples to be more conductive and thereby "leak off charge and lower the peak electric field in the samples."
This added conductivity can reduce the probability of pulsing. Using figures 2 and 3 to choose a floor below which one will not have pulsing presumes that this "leak off charge" process is minimized in the IDM samples.
No attempt has been made to minimize the leak off process.
For example, perhaps a sample mounted on a long narrow insulating post would pulse at much reduced fluxes.
Any floor for pulsing deduced from this data would be true only for this set of samples, and can not be extrapolated to other cases. Table I and is indicated on its graph. These are bar graphs with one bar for each of the orbits.
The height of the bar indicates the number of pulses during that orbit.
Nevertheless, we do wish to point out that the samples' pulse rate decays with time much as the electron intensity decays as shown by figures 2 and 3. There is a feeling among some in the spacecraft community that pulsing can be correlated with outgassing from the samples. The IDM results do not show that such a correlation is significant. These samples have been in space a long time. There was a large increase of the electron flux around orbit 600 and the pulse rate responded nearly in proportion. If outgassing is an important parameter, then the IDM samples must have the unusual property of outgassing at a nearly constant rate since the tenth orbit, a period of eight months.
Comparison of figure 3 with Table I puts a stop to some common presumptions that were based upon limited laboratory experiments.
For example, one should not predict the rate of discharging from one sample based on the rate experienced from a similar sample; see reference 5 for more on this issue. All the samples in Table I were seen to pulse in laboratory tests [1] , but only five have pulsed in space in the first 400 orbits (5 months).
It is interesting that the samples with configurations 3-8
in Table I have The IDM is beginning to accumulate enough data that we may speculate on the causes of the pulsing. Figure 4 is developed to help us do that. In this figure we present the time history of the CRRES 1DM during one average orbit which is a composite of the first 350 orbits. We begin the orbit at apogee where the electron flux is low. The curve is a trace of the average electron flux experienced by the IDM during the 350 orbits.
The electron flux rises as the satellite moves from apogee at the left end of the graph.
On average, the satellite experienced the peak electron fluxes (at an L shell of 3.5 to 4.5) about 13000 seconds after apogee.
The electron fluxes diminish around perigee and then peak up again at 24000 seconds after apogee. The satellite attains apogee again at roughly 36000 seconds. Inclusion of all electron energies would not change the shape of this curve in any significant way.
The pulse rate is shown as a histogram on figure 4. We collected data in 1/2 L shell bins so that there are 28 separate "bins" containing pulse rate data on this graph. Note that CRRES apogee varies, typically from L=7 to L=9, and everything above L=7.5 is accumulated as one bin; this is a reasonable thing to do because the flux is not contributing much here. Similarly, the data from "L=0" to L=I.5 is lumped together. With so many bins and only 360 pulses, the statistics of the scatter data is not good. Pulses result from the accumulation of charge in the insulator which produces high electric fields. The high electric fields, acting alone, do not produce the pulses either.
Instead, at the magnitude of electric fields expected [8] in these samples, typical insulators occasionally and spontaneously produce pulses called prebreakdown events.
The high voltage insulator literature has much information on this
phenomena, yet it cannot be predicted apriori with certainty.
The electric fields in these samples decay very slowly so that pulsing can continue for hours or days after radiation ceases.
There should be no surprise in this result, those who work with insulators know of the phenomena.
FUTURE WORK
Having determined that the pulsing samples are responding to an orbit averaged flux, and not to the instantaneous flux of electrons, we can move on to a search for more correlations.
We have begun such a search but the work is tedious.
We plan to correlate the pulse rate with the hardness of the electron spectrum.
There is an intriguing hint in the raw data that one pulse on a sample causes another pulse to be more likely in the immediate future.
Leon Levy has noted this in laboratory experiments and Levy and Frederickson have posited an explanation for it (Presented at URSI, Fail 1990). Based on this model one would be tempted to look for enhanced rates of pulsing due to passage through the proton belts, but such correlations would need to be rationalized with the known effects created by the very large range of proton energies in those belts. At the end of March 1991 the electron belts were enhanced a factor of 50 to 100 and produced extreme levels of pulsing on the IDM. The total pulse count more than doubled in a week, and it was the same samples as before.
This new data improves our statistics and will make future correlations even more meaningful. 
SUMMARY

